Abstract: A new real time in-situ scattering method to study texture evolution kinetic is exposed.
Introduction
In material science field it is often necessary to check crystallographic property evolution with temperature. Basic experiments could be done with ex-situ measurements, i.e. material properties are tested after a specific heat treatment.
Two disadvantages can be noticed: first, the experiments are done at room temperature after cooling, which means that the samples should be quenched to reveal the crystallographic structure at high temperature. In some cases, these quenches are not possible. Secondly, to get fine evolution of the phase structure a lot of experiments are needed. An answer to this ex-situ problem is to develop real time in-situ measurements. Some common experiments are available to look for phase changes on polycrystalline material like X-ray diffraction used with a Debye-Scherrer geometry, a position-sensitive detector and an heated sample holder [1] . But this device can only reveals phase transformation of 2 polycrystalline materials and is not sensitive to texture changes. In the case of a monocrystal or a not random distributed orientated polycristal, crystallographic changes versus temperature are much more difficult to analyse. Calorimetric experiments can give some information about phase transformation but are few sensitive to texture evolutions due to the small energy involved. Moreover, this
can not inform about the crystallographic orientation.
The purpose of this paper is to describe an original real time in-situ experiment able to show texture evolution versus temperature of a polycrystalline tape. This experiment is adapted from an existing set-up used at the Institut LaueLangevin neutron facility of Grenoble by the monochromator group [2] . It uses hard X-ray photons which allow working in transmission through the all sample thickness, and give information of the whole sample structure [3] .
To illustrate possibilities given by this new method, analysis were done on two copper-nickel alloys rolled tapes which are developed as substrate for high temperature coated superconductors. These substrates should present a biaxially textured surface to favor the epitaxial growth of upper layers, whose one of them is the superconductor ceramic (i.e. YBCO). Indeed this oxide should be well oriented to present good superconducting properties. Cu 55 Ni 44 Mn (known as Constantan) and Cu 70 Ni 30 alloys were chosen for their cell parameters closed to the YBCO one and for their mechanical and magnetic properties [4] .
Experimental specifications
A white X-ray beam issued from a 1.5×1.5 mm² focus size was used. The Philips The two-dimensional detector is composed of an X-ray image intensifier with 22 cm diameter (Thomson TH 9428) coupled with a cooled CCD camera with weak noise (Princeton 512×512 pixels). This detector can be moved laterally and vertically to be aligned with the direct beam. The important X-ray intensity, reinforced by the focusing effect and the very high detector sensitivity, allows a short acquisition time, typically 100 s for one measurement. A "beam stop" aligned on the detector center attenuates the transmitted rays to avoid the saturation of the detector but also allows to follow the direct beam.
The tape was vertically applied on a sample-holder which was fixed at a stick equipped with thermocouples (figure 2). The furnace was used up to 1030°C, with a heating rate of 5°C/min. The outer part of the furnace was cooled by a water jacket, and two silicon monocrystal windows allow the X-rays beam path. The Currently used to perform mosaïcity measurements on monocrystals, the line is originally built with a symmetrical ratio, i.e. the source-sample distance is equal to the sample-detector distance (usually 3.6 m). With this particular condition, if the crystal is oriented with an angle satisfying the Bragg conditions, all diffracted X-Rays are focused on a thin line [5] [6] [7] . In our case, measurements were done to follow the texture evolution in a polycristal sample. The main important fact is then to collect intensities from the two characteristic emission peaks.
When the sample is too thick to enable the overlapping of the K α and K β lines, a local energy analyzer is used to separate intensities from each family plane (NaI scintillator for low energy resolution or cooled Ge diode for high resolution analysis are used). But in this study no energy detector was used as samples are 150 µm thick and allowed the transmission of these characteristic K α and K β lines.
Considering the first interreticular distances of the alloy cells (d 111 =2.06 Å and d 200 =1.78 Å) and the K α , K β wavelengths, the 2θ angles are between 5° and 14°.
With a 22 cm detector diameter, the sample-detector distance should be smaller than 90 cm. In this experiment a non-symmetrical transmission geometry was adopted with a 60 cm sample-detector distance. A picture of the assembly is shown figure 3 where all experimental devices are visible except the controlacquisition board.
5 Finally, a radiographic image (i.e. using a broad beam with low intensity) is performed to ensure the good sample positioning in the X-ray beam.
All the data computations were done with the LAMP software [8] . The use of transmission geometry and high energy radiation allowed to be sensitive to the diffraction planes which are almost parallel to the normal of the tape surface. These intensities correspond to the ones observed in the pole figure periphery. To simplify the correlation between intensities observed in figure 5 with a given orientation, theoretical pole figures of the tape are presented in figure   7 . Figure 5d is the diffraction pattern recorded at RT after cooling down. Intensities are in the same place than these observed on figure 5c but they are less spread with a higher maximum level. The difference is probably not due to structure changes but should be the consequence of a better structure of the diffusion pattern at low temperature through the Debye-Waller coefficient [9] . To allow a better visualization of the transition, intensities from a small horizontal stripe which goes through the centre for each recorded pattern, are plotted versus temperature (figure 8a). Figure 8b is the same but considering the vertical stripes.
Experimental results and discussion
On these graphs, it is possible to follow the intensity evolutions of the (111)K β , The curves show that the transformation is very abrupt, as the half of the maximum intensity is reached in 50°C which is equivalent to 10 min.
The interpretation of the transformation around the maximum (between 900°C
and 950°C) needs much more experiments to better understand the contributions to the phenomena. Indeed, in one hand biaxial texture breaks down after a critical temperature which leads the intensity to decrease, and in the other hand intensity normally decreases even for a stable crystal due to Debye-Waller coefficient. Figure 10 shows the evolution of the intensity distribution corresponding to a rocking curve in the RD. 
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Despite an increasing of the intensity, FWHM does not present any significant variation between 700°C and 1000C°. The out-of plan disorientation (RD) is about 7° which corresponds more or less to figures find in a normal rocking curve measurement at RT on an annealed tape by X-ray pole figures.
Conclusions
This original real time in-situ hard X-ray diffraction method first developed for monocrystal measurements provides also interests for non-random polycristal studies. Indeed with this transmission geometry alignment, texture evolution This real time in-situ, non destructive technique able to check texture evolution versus temperature in bulk material by using relatively cheap device is surely promising for future developments.
